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Adopting the one-boson-exchange model, we perform a systematic investigation of interactions between a
doubly charmed baryon (Ξcc) and an S -wave charmed baryon (Λc, Σ
(∗)
c , and Ξ
(′,∗)
c ). Both the S -D mixing effect
and coupled-channel effect are considered in this work. Our results suggest that there may exist several possible
triple-charm deuteron-like hexaquarks. Meanwhile, we further study the interactions between a doubly charmed
baryon and an S -wave anticharmed baryon. We find that a doubly charmed baryon and an S -wave anticharmed
baryon can be easily bound together to form shallow molecular hexaquarks. These heavy flavor hexaquarks
predicted here can be accessible at future experiment like LHCb.
PACS numbers: 12.39.Pn, 14.20.Pt, 14.20.Lq
I. INTRODUCTION
As a hot issue of hadron physics, exploring exotic hadronic
matter is a research field full of challenges and opportuni-
ties, which is valuable to deepen our understanding of non-
perturbative behavior of quantum chromodynamics (QCD).
The observations of XYZ charmonium-like states, Pc(4380)
and Pc(4450) [1] have stimulated abundant studies involved
in hidden-charm tetraquarks and pentaquarks (see Refs. [2–4]
for review) since 2003.
In general, there are two approaches to clearly identify ex-
otic hadronic states: 1) we may conclude a hadronic state to
be an exotic state if it has exotic spin-parity quantum number
JPC like 0−−, 0+−, 1−+ and so on. A typical candidate is the
observation of the π1(1400) from the COMPASS Collabora-
tion [5] which has JPC = 1−+, where obviously the π1(1400)
cannot be grouped into conventional meson family. 2) If a
hadronic state has a typical exotic quark configuration differ-
ent from the conventional hadron, we may also definitely cat-
egorize it as an exotic state. The reported X(5568) with fully
open-flavor content suc¯d¯ [6, 7] is a typical exotic candidate,
although no significant is observed by the LHCb collabora-
tion [8], the CMS collaboration of LHC [9], and the CDF col-
laboration of Fermilab [10]. The above criteria provides us
valuable hints to identify exotic hadronic states.
Very recently, a double-charm baryon Ξ++cc (3621) was dis-
covered by the LHCb Collaboration when analyzing the
Λ
+
c K
−π+π− invariant mass spectrum [11]. The observed
Ξ
++
cc (3621) not only make the baryon family become com-
plete, but also inspires our interest in exploring the interaction
of it with other hadrons, which has a close relation to the ex-
ploration of exotic hadronic molecular states. After the obser-
vation of Ξ++cc (3621), the interaction of two doubly charmed
baryons were investigated in Ref. [12], and then the same
authors predicted the possible hadronic molecules composed
of the doubly charmed baryon and nucleon [13], which is in-
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volved in the interaction of a doubly charmed baryon and a
nucleon. Recently, Chen, Hosaka, and Liu performed a study
of triple-charm molecular pentaquarks by checking the inter-
action of a doubly charmed baryon and a charmedmeson [14].
Along this line, it is natural to extend these former studies to
the interaction of a doubly charmed baryon and a charmed
baryon, which will be a main task of the present work.
As shown in Fig. 1, charmed baryons can be categorized as
3¯F and 6F representations based on flavor symmetries of light
quarks. 3¯F and 6F correspond to the light quarks in flavor
antisymmetry and symmetry, respectively. Spin-parity for an
S -wave charmed baryon is either 1/2+ or 3/2+. Here, we will
discuss the ΞccB(1/2+) interactions with B = Λc/Σc/Ξ(′)c and
the ΞccB∗(3/2+) interactions with B∗ = Σ∗c/Ξ∗c.
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FIG. 1: Charmed baryons in 3¯F and 6F representations and doubly
charmed baryons. Here, we define [q1q2] =
1√
2
(q1q2 − q2q1) and
{q1q2} = 1√
2
(q1q2 + q2q1).
By examining the interaction of a doubly charmed baryon
and a charmed baryon, we want to answer whether or not there
exist possible triple-charm deuteron-like hexaquarks, which
has the cccqqq configuration. Due to this typical configu-
ration, these discussed triple-charm deuteron-like hexaquarks
are typical exotic hadronic states apparently different from the
conventional hadron. For achieving this goal, in this work
we adopt one-boson-exchange (OBE) model to get the effec-
tive potential of the interaction of a doubly charmed baryon
and a charmed baryon, by which we may search for the cor-
responding bound state solutions. Finally, we will predict
the existence of triple-charm deuteron-like hexaquarks. The
present investigation provides crucial information to exper-
2imental search for possible triple-charm deuteron-like hex-
aquarks.
As an extension, exploring the interactions between a dou-
bly charmed baryon and an S -wave anticharmed baryon will
be carried out in this work. And then, we further predict
possible shallow molecular hexaquarks composed of a dou-
bly charmed baryon and an S -wave anticharmed baryon.
This paper is organized as follows. In Sec. II, the de-
tailed calculation of effective potential related to the interac-
tion between an S -wave doubly charmed baryon and an S -
wave charmed baryon will be given, and the corresponding
numerical results will be presented in Sec. III. Finally, we
will give a short summary in Sec. IV.
II. INTERACTIONS
According to the heavy quark symmetry, chiral symmetry
and hidden local symmetry [15, 16], effective Lagrangians
for charmed baryons and light mesons interactions are con-
structed as
LB3¯ = lB〈B¯3¯σB3¯〉 + iβB〈B¯3¯vµ(Vµ − ρµ)B3¯〉, (2.1)
LB6 = lS 〈S¯µσSµ〉 −
3
2
g1ε
µνλκvκ〈S¯µAνSλ〉
+iβS 〈S¯µvα (Vα − ρα)Sµ〉 + λS 〈S¯µFµν(ρ)Sν〉,
(2.2)
LB3¯B6 = ig4〈S¯µAµB3¯〉 + iλIεµνλκvµ〈S¯νFλκB3¯〉 + h.c..(2.3)
Here, Aµ and Vµ stand for the axial current and vector cur-
rent, respectively
Aµ = 1
2
(ξ†∂µξ − ξ∂µξ†) = i
fπ
∂µP + . . . ,
Vµ = 1
2
(ξ†∂µξ + ξ∂µξ†) =
i
2 f 2π
[
P, ∂µP
]
+ . . .
with ξ = exp(iP/ fπ). fπ is the pion decay constant with a value
of 132 MeV. ρµ = igVV
µ/
√
2, Fµν(ρ) = ∂µρν − ∂νρµ + [ρµ, ρν].
In Eqs. (2.2) and (2.3), we define a superfield S, which is
expressed as a combination of B6 with JP = 1/2+ and B∗6
with JP = 3/2+, Sµ = −
√
1
3
(γµ + vµ)γ
5B6 +B∗6µ. Matrices for
B3¯ and B(∗)6 are
B3¯ =

0 Λ+c Ξ
+
c
−Λ+c 0 Ξ0c
−Ξ+c −Ξ0c 0
 ,B(∗)6 =

Σ
(∗)++
c
Σ
(∗)+
c√
2
Ξ
(′ ,∗)+
c√
2
Σ
(∗)+
c√
2
Σ
(∗)0
c
Ξ
(′ ,∗)0
c√
2
Ξ
(′ ,∗)+
c√
2
Ξ
(′ ,∗)0
c√
2
Ω
(∗)0
c

.
In addition, matrices for pseudoscalar mesons P and vector
mesons V are written as
P =

π0√
2
+
η√
6
π+ K+
π− − π0√
2
+
η√
6
K0
K− K¯0 −
√
2
3
η
 ,
V =

ρ0√
2
+
ω′√
6
ρ+ K∗+
ρ− − ρ0√
2
+
ω′√
6
K∗0
K∗− K¯∗0 −
√
2
3
ω′

.
By expanded Eqs. (2.1)−(2.3), the concrete effective Lagrangians are
LB3¯B3¯σ = lB〈B¯3¯σB3¯〉, (2.4)
LB(∗)
6
B(∗)
6
σ = −lS 〈B¯6σB6〉 + lS 〈B¯∗6µσB∗µ6 〉, (2.5)
LB3¯B3¯V =
1√
2
βBgV〈B¯3¯v · VB3¯〉, (2.6)
LB(∗)
6
B(∗)
6
P
= i
g1
2 fπ
εµνλκvκ〈B¯6γµγλ∂νPB6〉 − i3g1
2 fπ
εµνλκvκ〈B¯∗6µ∂νPB∗6λ〉 + i
√
3
2
g1
fπ
vκε
µνλκ〈B¯∗6µ∂νPγλγ5B6〉 + h.c., (2.7)
LB(∗)
6
B(∗)
6
V
= −βS gV√
2
〈B¯6v · VB6〉 − i λgV
3
√
2
〈B¯6γµγν (∂µVν − ∂νVµ)B6〉 − βS gV√
6
〈B¯∗6µv · V (γµ + vµ) γ5B6〉
−iλS gV√
6
〈B¯∗6µ (∂µVν − ∂νVµ) (γν + vν) γ5B6〉 +
βS gV√
2
〈B¯∗6µv · VB∗µ6 〉 + i
λS gV√
2
〈B¯∗6µ (∂µVν − ∂νVµ)B∗6ν〉 + h.c.,(2.8)
LB3¯B(∗)6 V = −
λIgV√
6
εµνλκvµ〈B¯6γ5γν (∂λVκ − ∂κVλ)B3¯〉 −
λIgV√
2
εµνλκvµ〈B¯∗6ν (∂λVκ − ∂κVλ)B3¯〉 + h.c., (2.9)
LB3¯B(∗)6 P = −
√
1
3
g4
fπ
〈B¯6γ5 (γµ + vµ) ∂µPB3¯〉 −
g4
fπ
〈B¯∗6µ∂µPB3¯〉 + h.c.. (2.10)
Suppose the interaction between heavy and light quarks is negligible, effective Lagrangians for the S -wave doubly
3charmed baryons and light mesons interactions can be con-
structed as
LΞccΞccσ = gσΞ¯ccσΞcc, (2.11)
LΞccΞccP = gπΞ¯cciγ5PΞcc, (2.12)
LΞccΞccV = hvΞ¯ccγµVµΞcc +
fv
2MΞcc
Ξ¯ccσµν∂
µVνΞcc.
(2.13)
To obtain consistent coupling constants in these two kinds
of effective Lagrangians, we would like to borrow the expe-
rience from the nucleon-nucleon interaction, which has the
form of
LN = gσNN N¯σN +
√
2gπNN N¯iγ5PN
+
√
2gρNN N¯γµV
µN +
fρNN√
2mN
N¯σµν∂
µVνN.(2.14)
All of the coupling constants for the charmed baryon, doubly
charmed baryon, and nucleon sectors are related in the quark
level, the detailed derivations were given in Refs. [12, 15].
In Table I, we finally summarize the values of all of the cou-
pling constants and hadron masses adopted in the following
calculations.
Under a Breit approximation, the effective potentials in mo-
mentum space is related to the corresponding scattering am-
plitude, i.e.,
Vh1h2→h3h4
E
(q) = − M(h1h2 → h3h4)√∏
i 2Mi
∏
f 2M f
. (2.15)
M(h1h2 → h3h4), Mi, and M f correspond to the scattering
amplitude for the h1h2 → h3h4 process, the masses of the
initial states (h1, h2) and final states (h3, h4), respectively. For
the effective potentials in coordinate spaceV(r), it is obtained
by performing a Fourier transformation,
Vh1h2→h3h4
E
(r) =
∫
d3q
(2π)3
eiq·rVh1h2→h3h4
E
(q)F 2(q2,m2E).
(2.16)
Because the discussed hadrons are not point-like particles,
here, we introduce a monopole form factor1 F (q2,m2
E
) =
(Λ2−m2
E
)/(Λ2−q2) at each interaction vertexes, which is often
adopted to study the nucleon-nucleon interaction [24, 25]. Λ,
mE , and q stand for cutoff, mass, and four-momentum of ex-
changed mesons, respectively. In general, cutoff Λ is related
1 In general, the other kinds of form factor (like dipole form factor and ex-
ponential type form factor) are also adopted to discuss the hadron-hadron
interaction. Once expanded these form factors in the powers of q2/Λ2 ,
F (q2) ∼ 1+ c1 × q2/Λ2 + c2 × (q2/Λ2)2 + . . ., different form factors corre-
spond to different sets of coefficients. Nevertheless, in the low momentum
limit, all of these different coefficients can be absorbed into the interactive
strengthes. Since the physics of molecular states is essentially low mo-
mentum physics, numerical results are quite similar by suitably choosing
cutoffs and coupling constants.
to the typical hadronic scale or the intrinsic size of hadrons.
In our former paper [14], we reproduced the bound state prop-
erty for the deuteron with the same parameters, by employing
the cutoff Λ = 0.862 GeV. Assuming that the intrinsic size of
hadrons are similar to that of the nucleon, we employ in the
present study the cutoff Λ of the same order around 1 GeV.
Here, we need to emphasis that all of the interaction
strengthes determined from the nucleon-nucleon interaction,
and the only one phenomenological parameter, cutoff Λ, is
estimated from the deuteron. In the following calculation, we
will vary cutoff Λ from 0.8 GeV to 5.0 GeV to search for the
loosely bound solutions. The bound state with its cutoff close
to 1 GeV may be the possible molecular candidate.
To deduce total effective potentials, we need further con-
struct wave functions for all of the discussed systems, which
include the spin-orbit wave function, the flavor wave function,
and the spatial wave function. In Table II, the flavor wave
functions are collected.
Since the S -D mixing effect is considered in this work, their
spin-orbit wave functions include
ΞccB : JP = 0+
∣∣∣1S 0〉 ,
JP = 1+
∣∣∣3S 1〉 , ∣∣∣3D1〉 ,
ΞccB∗ : JP = 1+
∣∣∣3S 1〉 , ∣∣∣3D1〉 , ∣∣∣5D1〉 ,
JP = 2+
∣∣∣5S 2〉 , ∣∣∣3D2〉 , ∣∣∣5D2〉
with
ΞccB
∣∣∣2S+1LJ〉 = ∑
m,n,mL
C
S ,ms
1
2
,m; 1
2
,n
C
J,mJ
S ,mS ;L,mL
χ 1
2
,mχ 1
2
,nYL,mL ,
ΞccB∗
∣∣∣2S+1LJ〉 = ∑
m,n,mL
C
S ,mS
1
2
,m; 3
2
,n
C
J,mJ
S ,mS ;L,mL
χ 1
2
,mΦ 3
2
,nYL,mL .
Here,C
S ,ms
1
2
,m; 1
2
,n
,C
S ,mS
1
2
,m; 3
2
,n
, andC
J,mJ
S ,mS ;L,mL
are the Clebsch-Gordan
coefficients. χ 1
2
,m and Φ 3
2
,n are defined as the spin wave func-
tions for baryons with spin 1/2 and spin 3/2, respectively.
And Φ 3
2
,n =
∑
n1,n2〈 12 , n1; 1, n2| 32 , n〉χ 12 ,n1ǫ
n2 . The polarization
vector ǫ has the form of ǫm± = ∓ 1√2
(
ǫmx ±iǫmy
)
and ǫm
0
= ǫmz with
ǫ±1 = 1√
2
(0,±1, i, 0) and ǫ0 = (0, 0, 0,−1).
III. NUMERICAL RESULTS
After getting all of the effective potentials for these dis-
cussed systems composed of a S -wave doubly charmed
baryon and an S -wave charmed baryon (see Appendix for
more details), we solve the coupled channel Schro¨dinger
equation and try to find the corresponding bound state solu-
tions (binding energy E and root-mean-square (RMS) radius
rRMS ).
In the following, we present the results for single- and
coupled-channel cases, separately.
4TABLE I: A summary of coupling constants and hadron masses adopted in our calculations. Here, the values relevant to the nucleon-nucleon
interactions are given in Refs. [17–19]. Masses of the hadrons involved in our study are taken from the Particle Data Group [20]. Unit of
hadrons masses is MeV.
g2
σNN
4π
= 5.69
g2
πNN
4π
= 13.60
g2
ρNN
4π
= 0.84
fρNN
gρNN
= 6.10
lS = −2lB = − 23gσNN g1 = 2
√
2
3
g4 = − 2
√
2 fπgπNN
5MN
βS gV = −2βBgV = −4gρNN λS gV = −
√
8λIgV = − 6(gρNN+ fρNN )5MN
gσ =
1
3
gσNN gπ = −
√
2mΞcc gπNN
5mN
hv =
√
2gρNN hv + fv = −
√
2
5
mΞcc
mN
(gρNN + fρNN )
mσ = 600 mπ = 137.27 mη = 547.85 mρ = 775.49
mω = 782.65 mN = 938.27 mΞcc = 3621.4 mΛc = 2286.46
mΞc = 2469.34 mΣc = 2453.54 mΞ′c = 2576.75 mΣ∗c = 2518.07, mΞ∗c = 2645.9
TABLE II: Flavor wave functions for the discussed triple-charm hex-
aquark systems composed of a S-wave double-charm baryon and an
S -wave charmed baryon.
Systems |I, I3〉 Configurations
ΞccΛc
∣∣∣ 1
2
, 1
2
〉 ∣∣∣Ξ++cc Λ+c 〉∣∣∣ 1
2
,− 1
2
〉 ∣∣∣Ξ+ccΛ+c 〉
ΞccΞ
(′,∗)
c |1, 1〉
∣∣∣Ξ++cc Ξ(′,∗)+c 〉
|1, 0〉 1√
2
(∣∣∣Ξ++cc Ξ(′,∗)0c 〉 + ∣∣∣Ξ+ccΞ(′,∗)+c 〉)
|1,−1〉
∣∣∣Ξ+ccΞ(′,∗)0c 〉
|0, 0〉 1√
2
(∣∣∣Ξ++cc Ξ(′,∗)0c 〉 − ∣∣∣Ξ+ccΞ(′,∗)+c 〉)
ΞccΣ
(∗)
c
∣∣∣ 1
2
, 1
2
〉
1√
3
∣∣∣Ξ++cc Σ(∗)+c 〉 −
√
2
3
∣∣∣Ξ+ccΣ(∗)++c 〉∣∣∣ 1
2
,− 1
2
〉 √
2
3
∣∣∣Ξ++cc Σ(∗)0c 〉 − 1√3
∣∣∣Ξ+ccΣ(∗)+c 〉∣∣∣ 3
2
, 3
2
〉 ∣∣∣Ξ++cc Σ(∗)++c 〉∣∣∣ 3
2
, 1
2
〉 √
2
3
∣∣∣Ξ++cc Σ+(∗)c 〉 + 1√3
∣∣∣Ξ+ccΣ(∗)++c 〉∣∣∣ 3
2
,− 1
2
〉
1√
3
∣∣∣Ξ++cc Σ(∗)0c 〉 +
√
2
3
∣∣∣Ξ+ccΣ(∗)+c 〉∣∣∣ 3
2
,− 3
2
〉 ∣∣∣Ξ+ccΣ(∗)0c 〉
A. Single-channel Case
1. ΞccΛc and ΞccΞc systems
The forbiddenπ/η−Λc−Λc and π/η−Ξc−Ξc interactions ex-
plain why there don’t exist the π/η-exchange potentials for the
ΞccΛc and ΞccΞc systems. Additionally, the ρ-exchange po-
tential is also absent for the ΞccΛc system since it is forbidden
by the isospin symmetry. The properties for the OBE effective
potentials from other remaining exchanged mesons have been
constructed in Refs. [21, 22]. The interactions from the σ,
ω, and ρ exchanges depend on the quark configurations and
the isospin of the concrete hadron-hadron systems. Here, the
quark configuration for the ΞccΛc and ΞccΞc systems is (ccq)-
(cqq) with q = u, d, s. Thus, the σ exchange always provides
an attractive force, and the ω exchange has contribution to re-
pulsive potential. Because the ρ couples to the isospin charge,
the effective potential from the ρ exchange is strongly attrac-
tive for the isoscalar ΞccΞc system, and weakly repulsive for
the isovector ΞccΞc system. In Fig. 2, we present the r de-
pendence of the effective potentials for the ΞccΛc system with
I(JP) = 1/2(0+) and the ΞccΞc system with I(J
P) = 0(0+),
where the cutoff Λ is taken as 1 GeV.
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FIG. 2: The r dependence of the deduced effective potentials for
the ΞccΛc system with I(J
P) = 1/2(0+) and the ΞccΞc system with
I(JP) = 0(0+). Here, we take the cutoff Λ = 1.00 GeV
By tuning cutoff valueΛ from 0.8 GeV to 5 GeV, we cannot
find bound solutions for the ΞccΛc systems and the isovec-
tor ΞccΞc systems. In Fig. 3, we present the corresponding
bound state properties for the isoscalar ΞccΞc systems.Here,
when cutoff Λ is taken around 1 GeV, binding energy of sev-
eral MeV is obtained, and the RMS radius is larger than 1
fm, which is consistent with a typical size of a hadron-hadron
molecular state. Thus, there is the possibility that the isoscalar
ΞccΞc states with J
P
= 0+, 1+ can be good candidates of triple-
charmmolecular hexaquarks, depending on the actual value of
the cutoff Λ.
The suggested decay channels of the predicted isoscalar
ΞccΞc states with J
P
= 0+, 1+ are ΩccΛc and ΩcccΛ. Due to
the absence of Ωccc in experiment, there still exists big chal-
lenge for searching for these predicted triple-charmmolecular
hexaquarks.
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FIG. 3: Bound state solutions (binding energy E and RMS radius
rRMS ) for the ΞccΞc system with I(J
P) = 0(0+/1+).
2. ΞccΣ
(∗)
c and ΞccΞ
(′,∗)
c systems
For the ΞccΣ
(∗)
c and ΞccΞ
(′,∗)
c systems, the π exchange is al-
lowed, which plays important role to the ΞccΣ
(∗)
c and ΞccΞ
(′,∗)
c
molecular systems.
In Fig. 4, we present the Λ dependence of the binding en-
ergies of these ΞccΣ
(∗)
c and ΞccΞ
(′,∗)
c systems, which shows that
there exist bound state solutions for the ΞccΣ
(∗)
c and ΞccΞ
(′,∗)
c
systems with all allowed isospin and spin-parity quantum
numbers. Our results suggest that several systems may be pos-
sible candidates of triple-charm molecular hexaquarks, which
are the ΞccΣc states with I(J
P) = 1/2(0+, 1+), 3/2(0+), the
ΞccΣ
∗
c states with I(J
P) = 1/2(2+, 1+), 3/2(2+), the ΞccΞ
′
c
states with I(JP) = 0(0+, 1+), 1(0+), and the ΞccΞ
∗
c states with
I(JP) = 0(1+, 2+), 1(2+).
For the ΞccΣ
(∗)
c systems with I(J
P) = 3/2(1+) and the
ΞccΞ
(′,∗)
c systems with I(J
P) = 1(1+), when cutoff is tuned
from 2 to 3 GeV, we can obtain a binding energy around a few
to 10 MeV.
For providing more abundant information of experimen-
tal search for them, in the following we further discuss their
decay behaviors. Possible two-body strong decay channels
are ΞccΛc, ΞccΣc, ΩcccN, and Ωccc∆ for the predicted ΞccΣ
(∗)
c
molecular states. For the ΞccΞ
(′,∗)
c molecular states, their al-
lowed decay modes include the ΞccΞ
(′)
c , ΩcccΛ, and ΩcccΣ
channels.
B. Coupled-channel Case
For the study of coupled channels, necessary channels are
summarized in Table III. For the ispspin I = 3/2 case, there
are only two systems (ΞccΣc and ΞccΣ
∗
c) to be considered here.
In Fig. 5, we present the bound state solutions for the in-
vestigated ΞccΛc/ΞccΣc/ΞccΣ
∗
c systems when considering the
coupled-channel effect, where the cutoff Λ is taken to be
around 1 GeV. The results for the ΞccΛc/ΞccΣc/ΞccΣ
∗
c coupled
systems with I(JP) = 1/2(0+), 1/2(1+), 3/2(0+), and 3/2(1+)
quantum numbers are obtained.
For the ΞccΛc/ΞccΣc/ΞccΣ
∗
c coupled system with I(J
P) =
1/2(0+, 1+), according to the selected cutoff value (Λ ∼ 1
GeV) and the obtained RMS radius (rRMS > 1 fm), we find
that the present meson-exchange approach support both of
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FIG. 4: Λ dependence of binding energy E for the ΞccΣ
(∗)
c and
ΞccΞ
(′,∗)
c systems.
them may be the loosely bound molecular candidates. Be-
cause the dominant channel is the ΞccΛc system with prob-
abilities over 90%, they are mainly composed of the ΞccΛc
system. Compared to the results for the single ΞccΛc system
shown in Sec. IIIA 1, here, we find that the coupled-channel
effect plays a very important role to generate these two loosely
molecular states. However, for the ΞccΛc/ΞccΣc/ΞccΣ
∗
c cou-
pled system with I(JP) = 3/2(0+), our study shows that the
coupled-channel effect is not very important. In fact, the
bound state solutions do not change very much from the re-
sults for the single ΞccΣc channel with I(J
P) = 3/2(0+), and
the probability for the ΞccΣc channel is almost 100% as pre-
sented in Fig. 5.
6TABLE III: Possible channels involved in the coupled-channel inves-
tigation.
I(JP) Channels
1/2(0+) ΞccΛc
∣∣∣1S 0〉 ΞccΣc ∣∣∣1S 0〉 ΞccΣ∗c ∣∣∣5D0〉
1/2(1+) ΞccΛc
∣∣∣3S 1, 3D1〉 ΞccΣc ∣∣∣3S 1, 3D1〉 ΞccΣ∗c ∣∣∣3S 1, 3D1, 5D1〉
3/2(0+) . . . ΞccΣc
∣∣∣1S 0〉 ΞccΣ∗c ∣∣∣5D0〉
3/2(1+) . . . ΞccΣc
∣∣∣3S 1, 3D1〉 ΞccΣ∗c ∣∣∣3S 1, 3D1, 5D1〉
0, 1(0+) ΞccΞc
∣∣∣1S 0〉 ΞccΞ′c ∣∣∣1S 0〉 ΞccΞ∗c ∣∣∣5D0〉
0, 1(1+) ΞccΞc
∣∣∣3S 1, 3D1〉 ΞccΞ′c ∣∣∣3S 1, 3D1〉 ΞccΞ∗c ∣∣∣3S 1, 3D1, 5D1〉
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FIG. 5: Left: Bound state properties (binding energy E and root-
mean-square radius rRMS ) for all of the ΞccΛc/ΞccΣc/ΞccΣ
∗
c systems
when the coupled channel effect is included in our calculation. Right:
Probability for the different channels.
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FIG. 6: Left: Bound state properties (binding energy E and root-
mean-square radius rRMS ) for all of the ΞccΞc/ΞccΞ
′
c/ΞccΞ
∗
c systems
when the coupled channel effect is included in our calculation. Right:
Probability for the different channels.
For the ΞccΛc/ΞccΣc/ΞccΣ
∗
c system with I(J
P) = 3/2(1+)
shown in Fig. 5, our result indicates that its RMS radius is
as small as 0.37 fm, and the dominant channel is the ΞccΣ
∗
c
channel with a probability around 70%. It seems that the
ΞccΛc/ΞccΣc/ΞccΣ
∗
c system with I(J
P) = 3/2(1+) cannot be
a reasonable loosely bound state but a deeply bound state.
In the following, we discuss the ΞccΞc/ΞccΞ
′
c/ΞccΞ
∗
c
coupled-channel systems. For the I(JP) = 0(0+, 1+)
case, we also find that the contribution of the coupled-
channel effect is not obvious since the obtained property of
this coupled-channel system is similar to that of the sin-
gle ΞccΞc states with I(J
P) = 0(0+, 1+). However, for
the isovector ΞccΞc/ΞccΞ
′
c/ΞccΞ
∗
c systems, after consider-
ing the coupled-channel effect, their bound state properties
are obtained, which means that there may exist isovector
ΞccΞc/ΞccΞ
′
c/ΞccΞ
∗
c molecular states with J
P
= 0+ and 1+.
7To summarize, after considering the coupled-channel ef-
fect, we may predict the existence of four molecular hex-
aquarks, which are the ΞccΛc/ΞccΣc/ΞccΣ
∗
c coupled-channel
system with I(JP) = 1/2(0+, 1+), where the ΞccΛc channel is
dominant, and the ΞccΞc/ΞccΞ
′
c/ΞccΞ
∗
c coupled systems with
I(JP) = 1(0+, 1+), which mainly couple with the ΞccΞc chan-
nel.
C. Predictions of other molecular hexaquarks
In this section, we will extend our study to the interac-
tion between a doubly charmed baryon and an S -wave an-
ticharmed baryon. Their OBE effective potentials can be re-
lated to the effective potentials for the ΞccB(∗) systems by a
G-parity rule [23], i.e.,
VAB¯→AB¯ =
∑
E
GEVAB→ABE , (3.1)
where GE stands for the G-parity for the exchanged meson E.
With these obtained effective potentials, we get the corre-
sponding results as presented in Table IV.
If setting the cutoff to be around 1 GeV, we can find bound
state solutions for all of the discussed systems composed of a
doubly charmed baryon and an S -wave anticharmed baryon.
We find their RMS radius are around 1 fm, which is a typ-
ical size of the molecular state with small binding energy.
These predicted molecular states have typical quark config-
uration ccc¯q¯q¯q. Here, we also list the possible allowed decay
channels, i.e., DDD¯, J/ψDπ(η), DsDD¯, J/ψDsπ(η), J/ψDK,
which provide valuable information to further experimental
exploration to them.
IV. SUMMARY
Exploring the exotic state is an interesting research topic.
Especially with the experimental progress on charmoniumum-
like XYZ states and Pc(4380)/Pc(4450) states, theorists have
paid more attentions to the study of exotic states like hidden-
charm molecular states and compact multiquarks (see review
papers [2, 3] for more details).
In 2017, a doubly charmed baryon Ξ++cc (3621) was discov-
ered by LHCb [11]. This new observation makes the study
of the interaction between a doubly charmed baryon and an
S -wave charmed baryon become possible. In this work, we
focus on this typical exotic hadronic configuration. By apply-
ing the OBE model, we extract their effective potentials, by
which we try to find their bound state solutions by solving the
Schro¨dinger equation. This information is crucial to conclude
whether there exist the corresponding triple-charm molecu-
lar hexaquarks. In the present study, the S -D mixing effect
and the coupled-channel effect are taken into account. In this
work, all of the coupling constants are determined from the
nucleon-nucleon interaction and by using the valence quark
structure of charmed baryons. In this regard, the molecular
hadrons of doubly charmed hadrons allow to study the interac-
tions of a single valence quark. Cutoff Λ is roughly estimated
around 1 GeV, which is also widely accepted as a reasonable
input from the experience of studying the deuteron in Refs.
[24, 25].
To clarify the uncertainty of cutoff Λ, we present the Λ de-
pendence of the bound properties for all the possible molecu-
lar candidates in last section. Obviously, it cannot be molecu-
lar candidates as binding energies depend very sensitively on
the cutoff parameter, like the coupled ΞccΛc/ΞccΣc/ΞccΣ
∗
c sys-
tem with I(JP) = 3/2(1+).
Finally, our discussions are at the qualitative level, we
should admit that we cannot make very quantitative predic-
tions. Nevertheless, we imply a serial of possible triple-charm
molecular hexaquark states, which are summarized in Table
V. When making comparison of the results with and without
the coupled-channel effect, we find that the coupled-channel
effect plays an essential role for some discussed coupled-
channel systems.
As a byproduct, we further extend our study to the inter-
action between a doubly charmed baryon and an S -wave an-
ticharmed baryon since its effective potential can be related
to that of the system composed of a doubly charmed baryon
and an S -wave charmed baryon by G-parity rule. Further-
more, we could predict the existence of molecular hexaquarks
candidates with typical quark configuration ccc¯q¯q¯q. The ex-
perimental search for them is also an intriguing issue.
About fifteen years ago, the observed X(3872) [26] stim-
ulated extensive discussion of molecular state constructed by
charmed meson pair. Later, in 2015, the observation of two
hidden-charm Pc states [1] can be suggested to be molecular
system compose of a charmed meson and a charmed baryon.
The reported double-charm baryon Ξ++cc (3621) [11] again pro-
vides us good chance to study double-charm baryon interact-
ing with other hadrons. Along this line, we carried out a realis-
tic study of triple-charm molecular hexaquarks and predicted
the existence of them. In the next decades, we have reason to
believe that the predictions can be accessible at future experi-
ment, which will be full of opportunities and challenges.
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Appendix: Relevant subpotentials
The exact OBE effective potentials for all of the investi-
gated processes are expressed as
8TABLE IV: Bound state properties (binding energy E and root-mean-square radius rRMS ) for the molecular hexaquarks composed of a doubly
charmed baryon and an S -wave anticharmed baryon. Here, E, rRMS , and Λ are in units of MeV, fm, and GeV, respectively.
I(JP) Λ E rRMS I(J
P) Λ E rRMS I(J
P) Λ E rRMS I(J
P) Λ E rRMS
ΞccΛ¯c ΞccΞ¯c
1/2(0+/1+) 1.00 −0.48 4.00 0(0+/1+) 0.95 −0.78 3.26 1(0+/1+) 1.10 −0.39 4.20
1.10 −6.77 1.35 1.00 −5.09 1.50 1.30 −6.20 1.36
1.20 −19.44 0.90 1.05 −13.06 1.04 1.50 −16.50 0.92
ΞccΣ¯c ΞccΣ¯
∗
c ΞccΞ¯
′
c ΞccΞ¯
∗
c
1/2(0+) 0.80 −0.84 3.01 1/2(1+) 0.80 -0.41 4.01 0(0+) 0.85 −0.95 2.87 0(1+) 0.85 −1.08 2.72
0.95 −7.46 1.27 0.84 −3.86 1.60 0.95 −8.72 1.20 0.90 −7.14 1.24
1.10 −10.97 1.18 0.88 −12.52 1.01 1.05 −19.52 0.93 0.95 −19.73 0.84
1/2(1+) 0.92 −0.57 3.76 1/2(2+) 0.95 −0.14 5.60 0(1+) 0.95 −0.78 3.27 0(2+) 1.00 −0.64 3.60
0.96 −4.74 1.59 1.05 −4.93 1.65 1.00 −5.78 1.44 1.50 −6.90 1.31
1.00 −13.93 1.06 1.15 −15.19 1.12 1.05 −16.19 0.98 1.80 −16.64 0.94
3/2(0+) 1.35 −0.20 5.14 3/2(1+) 1.00 −0.59 3.57 1(0+) 1.20 −0.14 5.43 1(1+) 1.20 −0.49 3.89
1.70 −4.14 1.64 1.55 −4.40 1.60 1.50 −4.71 1.54 1.50 −4.71 1.54
2.05 −9.94 1.16 1.85 −11.84 1.08 1.80 −11.84 1.07 1.80 −11.84 1.07
3/2(1+) 1.00 −0.59 3.57 3/2(2+) 1.00 −0.71 3.32 1(1+) 1.10 −1.75 2.26 1(2+) 1.00 −0.18 5.09
1.10 −4.31 1.56 1.10 −4.42 1.54 1.20 −5.84 1.37 1.15 −5.16 1.43
1.20 −11.00 1.08 1.20 −10.73 1.08 1.30 −11.81 1.04 1.30 −15.42 0.93
TABLE V: A summary of predicted hexaquark molecular states.
States I(JP) States I(JP)
ΞccΛc 1/2(0
+), 1/2(1+) ΞccΞc 0(0
+), 0(1+), 1(0+), 1(1+)
ΞccΣc 1/2(0
+), 1/2(1+), 3/2(0+) ΞccΞ
′
c 0(0
+), 0(1+), 1(0+)
ΞccΣ
∗
c 1/2(1
+), 1/2(2+), 3/2(2+) ΞccΞ
∗
c 0(1
+), 0(2+), 1(2+)
V
ΞccΛc→ΞccΛc
I=1/2
= −2gσlBY(Λ,mσ, r) + 1√
2
hvβBgVY(Λ,mω, r), (1.1)
VΞccΛc→ΞccΣc
I=1/2
= −
√
2
12
gπg1
fπmΞcc
[A1Or +A2Pr]Y(Λ0,mπ0, r) − λIgV (hV − fV )
6mΞcc
[2A1Or −A2Pr]Y(Λ0,mρ0, r)
+
λIgVhV
mΞcc
A3QrY(Λ0,mρ0, r), (1.2)
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= − 1
2
√
6
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√
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mΞcc
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+
G(I)
4
λIgVhV
mΞcc
A10QrY(Λ4,mρ4, r) − G(I)
24
λIgV (hV − fV )
mΞcc
[2A8Or − A9Pr] Y(Λ4,mρ4, r)
+
1
4
λIgVhV
mΞcc
A10QrY(Λ4,mω4, r) − 1
24
λIgV (hV − fV )
mΞcc
[2A8Or − A9Pr]Y(Λ4,mω4, r), (1.9)
VΞccΞ′c→ΞccΞ′c
I
= gσlS Y(Λ,mσ, r) − G(I)
24
gπg1
fπMΞcc
(A1Or +A2Pr) Y(Λ,mπ, r) + gπg1
72 fπMΞcc
(A1Or +A2Pr)Y(Λ,mη, r)
−G(I)
4
hvβS gV√
2
+
hvλS gV
3
√
2MΣc
Or
Y(Λ,mρ, r) − G(I)
6
√
2
hvλS gV
(
1
MΣc
+
1
MΞcc
)
A3QrY(Λ,mρ, r)
− G(I)
36
√
2
( fv + hv)λS gV
MΞcc
(2A1Or − A2Pr)Y(Λ,mρ, r)
−1
4
hvβS gV√
2
+
hvλS gV
3
√
2MΣc
Or
Y(Λ,mω, r) − 1
6
√
2
hvλS gV
(
1
MΣc
+
1
MΞcc
)
A3QrY(Λ,mω, r)
− 1
36
√
2
( fv + hv)λS gV
MΞcc
(2A1Or − A2Pr)Y(Λ,mω, r), (1.10)
10
VΞccΞ′c→ΞccΞ∗c
I
=
G(I)
16
√
3
gπg1
fπmΞcc
[A11Or +A12Pr] Y(Λ5,mπ5, r) + 1
48
√
3
gπg1
fπmΞcc
[A11Or +A12Pr] Y(Λ5,mη5, r)
+
G(I)
4
√
6
λS gVhV
mΞcc
A13QrY(Λ5,mρ5, r) − G(I)
24
√
6
λS gV( fV − hV )
mΞcc
[2A11Or −A12Pr]Y(Λ5,mρ5, r)
− 1
4
√
6
λS gVhV
mΞcc
A13QrY(Λ5,mω5, r) + 1
24
√
6
λS gV ( fV − hV )
mΞcc
[2A11Or −A12Pr] Y(Λ5,mω5, r), (1.11)
VΞccΞ∗c→ΞccΞ∗c
I
= gσlSA4Y(Λ,mσ, r) − G(I)
16
gπg1
MΞcc fπ
[A5Or +A6Pr]Y(Λ,mπ, r) + 1
48
gπg1
MΞcc fπ
[A5Or +A6Pr] Y(Λ,mη, r)
−G(I)
4
√
2
hvβS gVA4Y(Λ,mρ, r) − G(I)
4
√
2
hvλS gV
MΞcc
A7QrY(Λ,mρ, r)
+
G(I)
24
√
2
(hv + fv)λsgV
MΞcc
[2A5Or − A6Pr] Y(Λ,mρ, r)
−hvβS gV
4
√
2
A4Y(Λ,mω, r) − hvλS gV
4
√
2
A7QrY(Λ,mω, r) + (hv + fv)λsgV
24
√
2MΞcc
[2A5Or − A6Pr] Y(Λ,mω, r) (1.12)
with
Or = 1
r2
∂
∂r
r2
∂
∂r
, Pr = r ∂
∂r
1
r
∂
∂r
, Qr = 1
r
∂
∂r
,
Y(Λ,m, r) =
1
4πr
(e−mr − e−Λr) − Λ
2 − m2
8πΛ
e−Λr.
The variables in above effective potentials denote
q0 =
−m2
Σc
+m2
Λc
2(mΞcc+mΣc )
, q1 =
−m2
Σ
∗
c
+m2
Λc
2(mΞcc+mΣ∗c )
, q2 =
−m2
Σ
∗
c
+m2
Σc
2(mΞcc+mΣ∗c )
,
q3 =
−m2
Ξ
′
c
+m2
Ξc
2(mΞcc+mΞ′c )
, q4 =
−m2
Ξ
∗
c
+m2
Ξc
2(mΞcc+mΞ∗c )
, q5 =
−m2
Ξ
∗
c
+m2
Ξ
′
c
2(mΞcc+mΞ∗c )
,
Λ
2
i
= Λ
2 − q2
i
, m2
Ei
= m2
E
− q2
i
, i = 0, 1, 2, 3, 4, 5.
Here, we define two isospin factors G(I) and H(I), respec-
tively,
G(I = 0) = −3, G(I = 1) = 1,
H(I = 1/2) = −2, H(I = 3/2) = 1.
(1.13)
In above potentials, we also define several spin-spin, spin-
orbit, and tensor force operators, including
A1 = χ†4χ†3 (σ1 · σ2)χ2χ1, (1.14)
A2 = χ†4χ†3S (rˆ,σ1,σ2)χ2χ1, (1.15)
A3 = χ†4χ†3 (σ2 · L)χ2χ1, (1.16)
A4 =
m,n∑
a,b
C
3/2,a+b
1/2,a;1,b
C
3/2,c+d
1/2,c;1,d
χ
†
4a
χ
†
3
χ2mχ1ǫ
n
2
· ǫb†
4
, (1.17)
A5 =
m,n∑
a,b
C
3/2,a+b
1/2,a;1,b
C
3/2,c+d
1/2,c;1,d
χ
†
4a
χ
†
3
iσ1 ·
(
ǫn
2
× ǫb†
4
)
χ2mχ1,
(1.18)
A6 =
m,n∑
a,b
C
3/2,a+b
1/2,a;1,b
C
3/2,c+d
1/2,c;1d
χ
†
4a
χ
†
3
S (rˆ,σ1, iǫ
n
2
× ǫb†
4
)χ2mχ1,
(1.19)
A7 =
m,n∑
a,b
C
3/2,a+b
1/2,a;1,b
C
3/2,c+d
1/2,c;1,d
χ
†
4a
χ
†
3
i
(
ǫn
2
× ǫb†
4
)
·Lχ2mχ1,
(1.20)
A8 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
(
σ1 · ǫn†4
)
χ2χ1, (1.21)
A9 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
S
(
rˆ,σ1, ǫ
n†
4
)
χ2χ1, (1.22)
A10 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
(
L · ǫn†
4
)
χ2χ1, (1.23)
A11 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
[
σ1 ·
(
iσ2 × ǫn†4
)]
χ2χ1, (1.24)
A12 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
S
(
rˆ,σ1, iσ2 × ǫn†4
)
χ2χ1,
(1.25)
A13 =
∑
m,n
C
3/2,m+n
1/2,m;1,n
χ
†
4m
χ
†
3
[
L ·
(
iσ2 × ǫn†4
)]
χ2χ1, (1.26)
with
S (rˆ,a, b) = 3(rˆ · a)(rˆ · b) − a · b.
In Table VI, we present the corresponding matrices ele-
ments, which are obtained by sandwiched these operators be-
tween the relevant spin-orbit wave functions.
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TABLE VI: Matrices elements for 〈 f |A|i〉 for the spin-spin, spin-orbit, and tensor force operatorsA. For example, 〈1S 0|A1|1S 0〉 = −3.
Spin 〈A1〉 〈A2〉 〈A3〉 〈A4〉 〈A5〉
J = 0 (−3) (0) (0) (1) (1)
J = 1

1 0
0 1


0
√
8
√
8 −2


0 0
0 −3


1 0 0
0 1 0
0 0 1


− 5
3
0 0
0 − 5
3
0
0 0 1

J = 2

−3 0
0 1


0 0
0 2


0 −
√
6
−
√
6 −1


1 0 0
0 1 0
0 0 1


1 0 0
0 − 5
3
0
0 0 1

Spin 〈A6〉 〈A7〉 〈A8〉 = −〈A11〉 〈A9〉 = −〈A12〉 〈A10〉 = −〈A13〉
J = 0 (−2) (3) (0) 〈A9〉 =
(√
6
)
, 〈A12〉 = (0) (0)
J = 1

0 −
√
2
3
−
√
2
−
√
2
3
1
3
−1
−
√
2 −1 −1


0 0 0
0 5
2
− 1
2
0 − 1
2
5
2


2
√
2
3
0
0 2
√
2
3
0 0

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0 − 1√
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− 1√
3
1√
6
−√3 −
√
3
2

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0 −
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3
2
0 −
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
J = 2
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
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7
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